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Abstract

In-transit losses and stage of transport when deaths occurred were determined for 4 760 213 market-weight pigs produced in
2001 by 4159 Ontario producers and marketed through 117 transport companies to 33 packers located in Canada (96%) and the
United States. Approximately 73% and 21% of producers marketed < 2000 pigs and < 500 pigs, respectively. In-transit loss was
0.017%, with 75% of producers losing = 5 pigs annually. Approximately half of in-transit losses occurred on the truck, with
14% of the other deaths occurring at the assembly yards, 4% on the producers’ trucks, and 24% at the abattoir. Fifteen percent
of in-transit deaths, representing 1212 pigs, occurred in pigs that were previously identified as abnormal by the transporter
or personnel working at the assembly yard or abattoir. Average losses were higher for producers marketing < 2000 pigs, and
in-transit loss ratio (ITLR) was highest among those marketing < 100 pigs. Pigs from small farms traveled greater distances than
those from larger operations. In-transit losses increased sharply between 590 and 720 km traveled, and decreased at distances
> 980 km. Environmental temperatures reached = 31°C for 4.2% of pigs shipped in June, July, and August, with median and
mean temperatures of 20.6°C and 20.3°C, respectively, for these months. Twenty percent of all in-transit losses (1617 pigs)
occurred in August.

Résumé

Les pertes en transit et le moment au cours du transport oit le décés est survenu ont été déterminés pour 4 760 213 porcs au poids du marché
produits en 2001 par 4159 producteurs ontariens et commercialisés via 117 compagnies de transport a 33 usines situées au Canada (96 %)
et aux Etats-Unis. Environ 73 % et 21 % des producteurs ont commercialisé respectivement < 2000 et < 500 porcs. Les pertes en transit
étaient de 0,017 % avec 75 % des producteurs perdant = 5 porcs annuellement. Approximativement la moitié des pertes en transit se sont
produites dans le camion, avec 14 % des autres mortalités se produisant dans les enclos de rassemblement, 4 % dans le camion du producteur
et 24 % a l'abattoir. Quinze pourcents des mortalités en transit, ce qui représente 1212 porcs, sont survenues chez des porcs qui avaient
au préalable été identifiés comme anormaux par le transporteur ou le personnel travaillant aux enclos de rassemblement ou a I'abattoir.
Les pertes moyennes étaient plus élevées pour les producteurs commercialisant < 2000 porcs, et la proportion de pertes en transit (ITLR)
était plus grande parmi ceux commercialisant < 100 porcs. Les porcs provenant de petites fermes parcouraient des distances plus grandes
que ceux provenant d’opérations plus importantes. Les pertes en transit augmentaient brusquement pour les trajets entre 590 et 720 km,
et diminuaient pour des distances > 980 km. La température ambiante a atteint = 31 °C pour 4,2 % des porcs expédiés en juin, juillet et
aoilt, avec des températures médiane et moyenne respectivement de 20,6 °C et 20,3 °C pour ces mois. Vingt pour cent de toutes les pertes
en transit «1617 porcs» se sont produites au mois d’aoilt.

(Traduit par Docteur Serge Messier)

when in-transit loss occurs, it is likely that the transport conditions

Introduction

“In-transit loss” is a term used to describe pigs that die after
leaving the farm but before being stunned at the abattoir. In the
past 35y, these losses have ranged from 0.07% to 5.2% of finishing
pigs shipped in different areas of the world, including Canada (1-7).
Overall, numbers of pigs lost in transit are generally low relative
to the number of pigs shipped, but still cause economic loss due to
lost income potential and disposal costs to the producer, transporter,
and abattoir. In the past, high transport loss in Europe and North
America has been associated with selection for leaner carcasses and,
inadvertently, selection for porcine stress syndrome. However, a high
proportion of transport loss is believed to be caused by shipping
pigs under environmentally adverse conditions (8). In addition,

associated with the deaths of some pigs also caused physiological
stress to other pigs in the load, possibly compromising the quality of
the pork from these pigs. Therefore, in-transit losses and the condi-
tions associated with these losses may be responsible for more lost
revenue to the industry than previously considered. Few studies on
in-transit loss have been reported in North America.

Research in Europe has identified the following conditions that
lead to in-transit loss: high temperature and humidity; high stocking
density; either short or long duration and distance of the trip; and
pre-market status in terms of hydration and withdrawal of feed,
illness, and genetics (3,4,9-15).

The goals of this study were to assess in-transit losses for market
pigs produced in Ontario; to determine the stage of transport when
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deaths occur; and to measure the association between in-transit
deaths and environmental temperature and humidity, trip distance,
farm of origin, transporter company, and abattoir.

Materials and methods

Finisher pigs in Ontario were marketed through the Ontario Pork
Producers” Marketing Board (Ontario Pork). The producer contacted
personnel at Ontario Pork to tell them how many pigs would be
marketed that week. Most pigs were then picked up by a transporter
at the farm for delivery to the abattoir. The producer and transporter
completed a form for each load of pigs that were loaded onto the
truck from the farm. The form included the producer identification
number, number of pigs transported, and date. The transporter may
travel to several farms to fill the truck before driving to the abattoir.
Also, the transporter may travel to one abattoir to unload some pigs
and then drive to another abattoir to unload the rest of the pigs. The
pigs were counted when they were unloaded, and the original form
was signed by a person at the abattoir. Pigs were typically mixed
with other pigs in lairage at the abattoir. A small percentage of pigs
were transported on the producer’s own truck to an assembly yard.
A transporter then picked up pigs at the assembly yard to deliver
them to the abattoir.

Data that described each load of pigs shipped by each producer
for each day in 2001 were provided by Ontario Pork. Each observa-
tion included date of shipment, producer’s identification number,
number of pigs shipped by that producer, number of subject pigs in
the group, number of pigs in the group that died in-transit, phase
of transport when pigs died, trucking company (transporter), abat-
toir (packer), and expected time of arrival at the abattoir. Phases of
transport included farm, producer’s truck, assembly yard, trans-
porter, and abattoir.

Producers, assembly yards, transporters, and abattoirs paid a fee
to the in-transit loss account at Ontario Pork for every pig that was
marketed or received by them. The money collected in this account
was used to compensate producers for pigs that died in-transit. The
producer was paid the average pig price for a pig indexing 100 on
that day. If a producer, transporter, or abattoir was responsible for
higher than average in-transit losses in a given year, the amount
paid into the in-transit loss account was increased for the subse-
quent year. Therefore, it was important to assign responsibility to
a specific phase of the in-transit process because of the potential to
increase the payment to the in-transit loss account by that individual
or company.

A specific data collection form, produced by Ontario Pork, was
completed by the producer, assembly yard personnel, transporter,
and/or abattoir personnel for every pig that died in-transit. These
forms, regulated by Ontario Pork, were required for producers to
receive compensation for pigs that died in transit. The phase of
transport during which the pig died was considered responsible
for the death unless the pig was recognized as being abnormal at
an earlier phase. A subject pig form was completed for each pig
that was recognized as being abnormal during transport. The form
was signed by 2 people along the transport chain including the
producer, assembly yard personnel, transporter, and/or abattoir
depending on where the pig was recognized as being abnormal. If

that pig died in-transit, the point at which the pig was identified as
subject was deemed responsible for the death. For example, if a pig
was lame at the farm when it was loaded onto the transport truck,
the farmer and transporter completed a subject pig form. If the pig
subsequently died on the truck or while in lairage at the abattoir,
the producer was considered responsible for the loss. Similarly, if
a pig is delivered to an assembly yard by the producer and the pig
appears abnormal when it is unloaded, it is called a subject pig. If
the pig subsequently dies before being stunned at the abattoir, the
loss is assessed to the producer’s truck.

Computerized data received from Ontario Pork identified each
in-transit death and assigned responsibility for that loss. These data
were validated by comparing the digital data to the subject pig and
in-transit death records completed by the producers, transporters,
and abattoir personnel. If more than 1 pig belonging to a producer
died in a given transport load, data were recorded for individual
pigs.

Hourly dry-bulb and wet-bulb temperatures and relative humid-
ity were obtained from 6 weather stations located near the abat-
toirs in Ontario and Quebec (16). Documentation regarding the
format and units of the data was found on the National Oceanic
and Atmospheric Administration (NOAA) of the United States
Department of Commerce Web site (17). The weather station was
matched to the abattoir by geographic proximity. Two abattoirs in
Manitoba, representing 0.08% of the pigs shipped from Ontario in
2001, were not assigned weather data.

Hourly dry-bulb temperature and humidity were received from
NOAA for data representing 8 stations in the US that were located
near the American plants where Ontario pigs were processed (Scott
Stephens, NOAA, personal communication, 2001). Documentation
regarding the format and units of the data was found on the National
Climatic Data Center Web site (18).

Temperatures were converted from Fahrenheit to Celsius. If the
dry-bulb temperature (Tdry) was = 0°F, wet-bulb temperature (Twet)
was calculated from the dry-bulb temperature using the following
formula:

Twet = Tdry — {0.034 [Tdry — (Tdewpoint + 10)] —
0.00072 [Tdry — (Tdewpoint + 10)] [Tdry —
(Tdewpoint + 10) — 1]} [Tdry — Tdewpoint — 2
(pressure in mmHg)]

(Scott Stephens, NOAA, personal communication, 2001). If the dry
bulb temperature was < 0°F, then the formula used was:

Twet = Tdry — [0.034 (Tdry — Tdewpoint + 10) —
0.006 (Tdry — Tdewpoint + 10)2] [0.6(Tdry +
Tdewpoint) — 2(pressure in mmHg) + 108].

Humidity was calculated using the following formula:
relative humidity = [173 — 0.1(Tdry) + Tdewpoint)] +
[173 + 0.9(Tdry)].

A temperature-humidity index (pig comfort index), based on
the expected impact of temperature and humidity on pigs, was
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Table I. Average in-transit loss ratio (ITLR)? and ratio of subject pigs® by numbers of pigs
marketed by each producer and distance travelled by the pigs in Ontario in 2001

Subject pigs Average

Percent of per pig distance

pigs per ITLR marketed travelled
Percentile Category category (%) (%) (km)
10 1-100 6.3 0.28 0.002 475
25 101-500 24.8 0.15 0.020 471
50 501-1000 20.9 0.17 0.012 458
75 1001-1500 11.9 0.22 0.023 364
90 1501-2000 8.7 0.23 0.028 327
100 2001-34 704 27.4 0.21 0.032 280

@ Number of pigs that died in-transit each day divided by the number of pigs marketed.
b Subject pigs were identified as abnormal by the transporter or packing plant receiver.

calculated as 0.75(Tdry) + 0.25(Twet) (19). All weather data were
merged with the in-transit loss data on the basis of abattoir and
expected hour of delivery of the pigs to the abattoir using computer
software (SAS, version 8.2; SAS Institute, Cary, North Carolina,
USA).

Distance traveled by the pigs was estimated by determining the
distance between the transporter’s dispatching yard or assembly
yard and the abattoir. The number of kilometers between the 2 sites
was determined by inserting postal codes for Canadian destinations
or zip codes for United States destinations into the distance func-
tion on a Web site (20). The distance between the producer’s farm
(location unknown) and the assembly yard was not included in the
distance. Miles were converted to kilometers. Distance information
was merged with the in-transit loss data on the basis of transporter
and abattoir information.

In-transit loss mortality rate or in-transit loss ratios (ITLR) were
calculated for each producer, transporter, and abattoir by dividing
the number of pigs that died in-transit each day by the number
of pigs that were shipped, transported, or received, respectively.
Average ITLR by producer, transporter, abattoir, month of marketing,
temperature, humidity, PCI, distance, and number of subject pigs
were calculated using computer software (Microsoft Excel; Microsoft
Corporation, Redmond, Washington, USA). Monthly ITLR in August
were compared to those of other months using a Chi-squared test.
Nesting of transporter within abattoir and nesting of producer within
transporter and abattoir were also described.

The number of pigs that died per producer per day was mod-
eled using a negative binomial distribution, with the number of
pigs marketed by each producer each day as the time component
for calculation of the rate of death. Initially, simple associations
between in-transit loss and the independent variables of interest
were determined. These included number of pigs marketed per
producer (increments of 500 pigs) and distance traveled (increments
of 50 km). Quadratic and cubic functions of these variables were also
tested and retained in the model if P < 0.05.

Hierarchical dummy variables were created for the pig comfort
index (PCI) variables to identify specific thresholds of this index
at which losses increased significantly compared to the previous
index (21). This model was built using a backward selection process,
eliminating the variable with the highest P value at each step. All

significant variables (P < 0.05) were entered into a multivariable
model with other significant fixed effects and potential interaction
terms based on these variables. A backward elimination process
was used to remove non-significant variables (P = 0.05). The fixed
effect models were analyzed and tested for goodness of fit, outliers,
and leverage using computer software (Stata Statistical, Version 7.0;
Stata Corporation, College Station, Texas, USA). Finally, a Poisson
general linear mixed effects model using a Glimmex macro in SAS
was performed, including producer, transporter, and abattoir as ran-
dom variables. Variables with P > 0.05 were eliminated from these
models. The intraclass correlation coefficient (ICC) was calculated
using a null model containing only random variables.

This study included all 4 760 213 market-weight pigs produced
in 2001 by 4159 Ontario producers and marketed through 117 trans-
port companies (transporters) to 33 abattoirs located in Canada and
the USA. Approximately 4% of pigs were processed in the USA,
82% remained in Ontario, 13% went to Quebec, and 0.08% went to
Manitoba (data not shown). In-transit loss was 0.17% (17 pigs per
10 000 marketed). Most producers (75%) who experienced in-transit
losses lost = 5 pigs during the entire year. More than half (57%) of
the in-transit losses occurred on the transporter’s truck, 4% occurred
at arrival to the assembly yard while on the producers’ truck, 14%
occurred at the assembly yard, and 24% at the abattoir.

The subject pig classification was maintained in the records only if
the pig died or was euthanized prior to processing. Fifteen percent of
pigs that died in transit were classified as subject before death. This
accounted for 1212 pigs or 0.025% of all pigs marketed. Most subject
pigs (88%) were identified by the transporter and abattoir as they
were being unloaded from the transporter’s truck at the abattoir.

The ITLR was based on the annual number of pigs marketed
per producer, transporter, and abattoir. Producers marketing
< 100 pigs had the highest annual ITLR (Table I). Approximately
73% of Ontario producers marketed < 2000 pigs and 21% marketed
< 500 pigs. Pigs marketed by producers with small operations
traveled greater distances than pigs marketed by larger produc-
ers (Table I). Approximately 3% of trucking companies shipped
= 37 000 pigs and 30% shipped > 270 000 pigs. The distances
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Table Il. Factors associated with in-transit loss ratio for Ontario market pigs in 2001, with
impact measured as incidence rate ratio (IRR) based on a Poisson general linear mixed

random effects model

Fixed effect IRR? S; P
Pig comfort index®
10to < 14 1.13 0.203 < 0.0001
14 t0 < 16 1.25 0.046 0.01
16 to < 19 1.24 0.064 < 0.001
19to < 22 1.56 0.061 < 0.001
2210 < 26 1.26 0.048 < 0.0001
26 to < 32 2.06 0.044 < 0.0001
32t0 <33 1.48 0.046 < 0.0001
33 t0 33.6 0.13 0.122 <0.01
Pigs marketed (500-pig increments) 1.02 0.357 < 0.0001
Pigs marketed (500-pig increments) 1.00 0.014 0.21
Pigs marketed (500-pig increments) 1.00 0.001 0.02
Distance (50-km increments) 1.13 < 0.001 0.01
Distance (50-km increments) 1.00 0.031 < 0.001

Variation due to

Random effect random variables Sy P
Producer® 0.54 0.029 < 0.0001
Transporter® 0.17 0.044 < 0.0001
Abattoir® 0.35 0.132 <0.01
Error term 1.08 0.004 < 0.0001

@ IRR — Incidence rate ratio for a given hierarchical range of pig comfort indexes, the incidence
rate for death is approximately the IRR times the incidence rate of death for next lower range.

b Pig comfort index = 0.75 (dry-bulb temperature in °C) + 0.25(wet-bulb temperature°C) (19).

¢ Producer, transporter, and abattoir included in the model as random variables.

traveled for 75%, 50%, 25%, and 10% of all trucks were < 726 km,
<201 km, < 141 km, and < 104 km, respectively.

Dry temperatures reached = 31°C for only 4.2% of pigs shipped
in June, July, and August. Median and mean temperatures for the
3 mo were 20.6°C and 20.3°C, respectively. Weather conditions were
most extreme in August, with a maximum temperature of 33.6°C
and an average PCI of 22.1. In-transit loss ratios were 0.16%, 0.29%,
0.24%, 0.40%, and 0.17% in May, June, July, August, and September,
respectively. August had the highest in-transit losses per month of
the year and accounted for 20% of the total annual losses (1617 pigs)
(P < 0.0001).

The producer cluster explained the highest proportion of the ran-
dom variation in in-transit losses after accounting for fixed effects.
The producer, abattoir, and transporter were responsible for 25%,
16%, and 8% of the total random variation, respectively (Table II).
The producer-level ICC was 0.23 (determined by the null model
with no fixed effects).

The incidence rate ratio used as the outcome measurement for the
fixed effects in the multivariable model was a measurement of animal
time, specifically, the number of pigs that died in-transit and shipped
by a given producer divided by the number of pigs in that shipment
owned by that producer. There was an association between in-transit
losses and an index of temperature and humidity (Figure 1). The
predicted incidence rate ratio (IRR) for pig deaths in a given PCI
hierarchical range is the coefficient multiplied by the incidence rate
for pig deaths in the range that follows. For example, the IRR for

pig deaths in the PCI range between 19 and 21 is 1.56 times greater
than that for pig deaths in the PCI range between 16 and 18. These
coefficients are additive, therefore the ITLR in the PCI range of 19 to
21 is 2.8 times greater than that in the PCI range of 14 to 15.

The IRR for continuous variables reflects the increase in the IRR of
in-transit loss for each 1-unit increase in the independent variable. As
the number of pigs marketed annually increased by 500-pig units, the
in-transit losses increased to approximately 3360 pigs, then leveled
off at approximately 3890 pigs per year before decreasing (Figure 2).
There was also a curvilinear relationship between the distance trav-
eled and the predicted in-transit losses. There was a slight increase
in in-transit losses between 70 and 590 km; losses increased sharply
between 590 and 720 km and then decreased at distances greater
than approximately 980 km (Figure 3).

No observations were removed from the analysis as a result of
analysis of outliers, leverage cases, or influential cases identified.

Of the 4.7 million pigs marketed in Ontario in 2001, 16.7 pigs
per 10 000 marketed (approximately 0.17%) died in-transit. This
ITLR is similar to those recorded in the previous 10 y, which range
from 0.08% to 0.15% (1,2,4,6,7,15,22-24). This study, based on
all pigs marketed in Ontario in 2001, provides a more complete
record of in-transit losses in a population than an earlier study in
Europe in which in-transit loss was measured at individual abattoirs
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Figure 1. Incremental increases in pig comfort index (PCI), expressed as incidence rate ratios (IRR?), that were associated
with the ratio of in-transit deaths of pigs marketed per producer per day in Ontario in 2001. The PCI is a weighted average of
dry temperature (DT) in degrees Celsius (75%) and wet bulb temperature (25%) (19).

2 IRR is the increase expected for each category compared to the category above it in the figure.

b Ref. Group is the reference category to which all other categories are compared. However, increases are additive, for example,
the 3rd IRR category from the top, representing temperatures of 19°C to 22°C has an IRR that is 3.62 times the IRR of the
referent group. These models were developed using a Glimmex macro (SAS, version 8.2; SAS Institute, Cary, North Carolina,
USA) and included total pigs shipped by the producer for 2001 and distance travelled to market as fixed effects, with producer,

transporter, and abattoir as random variables.

(1,2-4,25,26). Studies of this type have been conducted in the USA,
but were limited to individual abattoirs or trucking companies (7).
Two Canadian studies also include clinical trials (6,22).

In-transit losses were higher in the summer months compared
with the rest of the year; the highest mean and maximum daily
temperatures and highest in-transit losses occurred in August. Other
researchers have found an association between high temperatures
and in-transit loss (1,26-29). The combination of high temperature
and high humidity reduces the ability of pigs to dissipate body heat
effectively through radiative, convective, or evaporative means (30).
Under these conditions, core body temperature cannot be regu-
lated and metabolic acidosis and cardiovascular failure ultimately
develop (31).

In this study, in-transit losses and the PCI were associated. Roller
and Goldman (19) developed the PCI to describe the effects of
temperature and humidity on the pig’s ability to regulate internal
temperature. As environmental temperature approaches body

temperature, maintenance of core temperature in homeotherms
depends on evaporative cooling mechanisms, which are less effective
in high humidity conditions (19,30). Pigs do not sweat sufficiently
to cool themselves; therefore, without an external source of water
for evaporation from body surfaces, they must rely exclusively on
panting for evaporative cooling. Respiratory evaporation is generally
less affected by relative humidity than is evaporation from external
skin surfaces. Thus, in contrast to humans, pigs are more sensitive
to high dry temperature than high humidity, and dry temperature
is weighted more heavily than humidity in the PCI.

This study identified PCI cut points that were associated with
higher in-transit losses. For example, at a relative humidity of 60%,
the incidence rate of predicted deaths in-transit was 5.9 times higher
at 26°C to 31°C than at 16°C to 18°C. Providing fans on trucks,
shipping at night, and reducing pig density on trucks might reduce
in-transit deaths during extremes of temperature and humidity
(6,28,32,33), but laws preventing delivery to abattoirs at certain hours
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Predicted deaths by farm size
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Figure 2. Relationship of farm size to predicted in-transit losses? based on the poi
regression model after controlling for pig comfort index and distance travelled, and the
random effects of farm, transporter, and abattoir, in Ontario, 2001.

a Predicted deaths represent the in-transit loss ratio represented as exponential notation
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Figure 3. Relationship of farm size to predicted in-transit losses® based on the poisson
regression model after controlling for pig comfort index and farm size, and the random
effects of farm, transporter, and abattoir, in Ontario, 2001.

a Predicted deaths represent the in-transit loss ratio represented as exponential notation

(E) with a base of 10.

and costs to transporters when they ship with fewer pigs may make
these modifications difficult to implement.

Although 57% of pigs died on the transporter’s truck, transporters
were responsible for only 16% of the random variation in in-transit
loss. Random farm effect explained 25% of the total unexplained
variation in in-transit losses. Although this study was not designed
to identify specific farm factors associated with loss, other research-
ers have identified putative factors, including high lean genetics,
handling techniques, moving strategies, shipping procedures and
facilities, feed restriction, degree of mixing, hydration status, and
management in the finisher (4,9,33-36). This study did evaluate
the effect of farm size on losses. In-transit losses increased as the
farm size increased up to 3360 pigs marketed per year, with no
further increases in losses for larger farm sizes. However, as farm
size was measured in 500-pig increments, the impact of small
farms (< 400 pigs) was not captured. Shipments from the same
farm on different marketing days were moderately correlated,
as measured by the intraclass correlation coefficient, suggesting

a consistent influence of farm management style on in-transit
losses. These factors warrant further study in the Ontario pork
industry.

There was a curvilinear association between distance traveled and
in-transit losses. Losses increased as distance increased by 50 km
increments. Losses increased sharply between 590 km and 720 km
and then remained fairly constant until 980 km at which point the
losses decreased. Distance traveled seems to have a protective effect
in trips of approximately 10 h or more (980 to 1100 km). Previous
research has suggested associations of carcass quality compromise
and behavior with short trips (1 to 4 h), moderately long trips
(4 to 8 h), and extremely long trips (> 24 h) (9,11,25,28,29,37,38).
However, no published reports of the effect of trip duration on
in-transit loss were found.

Inherent limitations exist when pre-existing data is used for a
research project. Producer, transporter, abattoir, date, pigs sold per
producer per day, farm size, and pigs that died in transport were
likely accurate, because these are the fundamental components of
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payment for pigs in Ontario. Distance may have been underesti-
mated, as distance from farm of origin to assembly yard was not
included. Temperature and humidity approximated the environ-
ment experienced by the pigs, but reflected only the expected time
of arrival at the processing plant, as data were not collected during
the trip.

Temperature experienced by pigs during shipping is an important

risk factor for death in-transit. Shipping at night would be a good
solution. However, transport companies may be unwilling to ship
at this time, and abattoirs located in cities or residential neighbor-
hoods may not be allowed to receive pigs at night. A balance must
be achieved between economic constraints and the welfare of

shipped pigs.
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